Introduction: The hallmark of metabolic changes in skeletal muscle during critical illness is impaired aerobic phosphorylation in mitochondria 1 and reduced insulin-stimulated glucose disposal. 2 We asked whether these parameters can be influenced by very early (started <48 h) rehabilitation using functional-electrical stimulation assisted supine cycling (FESCE) . Methods: In a nested subgroup of patients in a prospective randomized clinical trial of early rehabilitation (NCT 02864745), we performed serial vastus lateralis muscle biopsies and euglycemic hyperinsulinaemic (120 mIU.m
À2
BSA.min À1 ) clamps at Days 0, 7, and 180. Mitochondrial function was assessed by high resolution respirometry from native skeletal muscle homogenates as described, 3 with a cohort (n = 8) of metabolically healthy age-matched elective hip surgery patient serving as the control group. Electron flux through mitochondrial respiratory complexes was measured by addition of specific substrates and inhibitors described in.
3
Results and Discussion: In the control group, the mean rehabilitation dose was 22 min a day, whilst interventional group was receiving 77 min/day (P < 0.01). Insulin resistance: Glucose disposal was lowest in the acute phase of critical illness (1.53 ± 0.99 vs. 1.21 ± 0.92 mmol/min) and improved a little after 7 days in both groups (to 2.23 ± 1.01 vs. 2.05 ± 0.82 mmol/min) and after 6 months (3.32 ± 0.59 vs. 2.72 ± 0.90 mmol/min).
Bioenergetic function:
In keeping with previous studies, critical illness led to a mild impairment of aerobic phosphorylation, with major defect being in respiratory Complex I and II, whilst fatty acid oxidation was upregulated. In standard rehabilitation group, this pattern persisted up until 6 months after the critical illness, whilst in the early rehabilitation group, it seems to normalize or even overshoot to supranormal values. The major limitation indeed is the low number of subjects accumulated so far in this ongoing study. This is the reason why these data are to be considered preliminary and have not been formally statistically processed.
In conclusion, our preliminary data show that critical illness leads to profound changes in skeletal muscle bioenergetics, which seem to persist in survivors at least 6 months but could be influenced by early rehabilitation. Table: Mitochondrial functional indices expressed as % of values in the control group. Note: ATP, aerobic phosphorylation.
The most extended anthropometric parameter for undernutrition is BMI < 18.5 kg/m 2 followed by calf and the midupper arm circumference. This study was conducted with the main purpose to assess which anthropometric parameter better represented this BMI value. Furthermore, we aimed to obtaining the cut-off points for a BMI < 18.5 kg/m 2 .
Material and methods:
Transversal observational study carried out in patients assisted in the matter of undernutrition (n = 158). Anthropometric parameters and the BMI were obtained. Skeletal muscular mass was estimated using the Jenssen formula via electrical impedance; and the MMI, low MMI, and fat mass percentage variables were gathered. SPSS 24 was used. The differences of the variables depending on gender were analysed using the T of Student or the U of Mann-Whitney. The association between variables was analysed through the Pearson or Spearman correlation, and the comparison between qualitative variables was undertaken by using the chi-square test. Statistical significance was reached with P < 0.05. Local Ethical Committee approved.
Results: In women, the BMI is more highly correlated with waist circumference in decubitus and fat mas percentage (r = 0.58 and r = 0.578 years, respectively). In men, BMI is correlated again with waist circumference in decubitus(r = 0.72) and brachial circumference (r = 0.6) and fat mass percentage (r = 0.26). By applying COR curves, the waist circumference was a better predictor of a BMI inferior to 18.5 kg/m 2 (cutoff points of 77.9 cm in women and 76.5 cm in men) than the other anthropometric parameters.
Conclusions:
The waist circumference is classically associated to high BMI in obesity. Its determination in decubitus could be a better predictor of low BMI than the calf and brachial circumferences. Cut-off waist circumference for high BMI is well recognized but not for low BMI.
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Characterization of non-responders to a resistance exercise program in old adults Alfons Ramel 1, 2 , Olof G. Geirsdottir 1, 2 , Milan Chang 1, 3 , Kristin Briem 4 , Palmi V. Jonsson 1, 5 , Inga Thorsdottir Background: Sarcopenia contributes to functional impairment, frailty, and disability. Resistance exercise is recommended to prevent or delay sarcopenia. The aim of this study was to characterize old adults who did not respond to a resistance exercise program. Methods: Community dwelling participants (N = 236, 73.7 ± 5.7 y ears, 58.2% female) participated in a supervised 12-week resistance exercise program (REP). Body composition (DXA), quadriceps strength, 6-min-walk for-distance (6MWD), timed-up-and-go performance (TUG), dietary intake, and background variables were assessed. Non-responders were defined as not having gained appendicular muscle mass. Results: Two hundred and eleven (90.3%) participants completed the REP. Responders (80.1%) increased lean mass (1.1 ± 1.1 kg), whereas non-responders (19.9%) decreased lean mass (À0.3 ± 1.4 kg, P = 0.001). No significant baseline differences between the two groups were found in age, BMI, body composition, quadriceps strength, 6MWD, TUG, or medication. However, participants who lost lean mass had a significant lower energy intake (1551 ± 394 vs. 1724 ± 490 kcal/day, P = 0.046) and lower protein intake (0.86 ± 0.24 vs. 0.98 ± 0.27 g protein/kg body, P = 0.009). According to regression analysis corrected for potential confounders, an additional protein intake of 0.1 g protein/body weight increased the likelihood for a positive training response by 28% (P = 0.006). Conclusions: Our study shows that energy and dietary protein intake were positively associated with an increase of appendicular muscle mass in older adults participating in REP. The results further indicate that a protein intake higher than 0.8 g/kg per day is necessary to achieve optimal response to training.
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Low blood pressure in heart failure patients with underweight is the predictive factor of mortality and risk factor of frailty Rationale: Vasodilators are generally used as standard therapy in heart failure. However, patients with malnutrition often develop orthostatic hypotension, and low blood pressure (BP) in underweight patients often decreases activity of daily living. Methods: This study included 135 outpatients with CHF, of which 56 patients with low body mass index (BMI) less than 22 kg/m 2 . All study patients filled in the questionnaire Kihon checklist (KCL) prepared for nursing care prevention in Japan. A patient with 8 points or more was diagnosed as having frailty. Heart failure hospitalization and all-cause mortality were defined as an event.
Results: Overall, the mean age was 76.0 ± 7.4 years old, BMI was 23.0 ± 3.9 kg/m 2 , and left ventricular ejection fraction was 43.6 ± 17.2%. Of the study patients, 54.7% patients were male, 20.7% patients had ischemic heart failure, 46.3% patients had low BP (less than systolic BP 120 mmHg), and 43.7% patients were in the frailty group. In low BMI group, the 1-year event-free survival rates were 63.6% and 86.0% in the low BP and another groups (Log-rank, P = 0.001), and the multivariate Cox regression analysis indicated that the hazard ratios was 5.74 in low BP (95% confidence interval, CI; 1.84-22.01, P = 0.002). The frailty was set as a target parameter, and the multivariate logistic regression analysis indicated that the odds ratios was 3.89 in low BP (95% CI; 1.27-11.86, P = 0.014) in low BMI. Conclusions: Low BP in heart failure patients with underweight might be independent predictive factor for mortality and risk factor for frailty. It was suggested that drug treatment with attention to excessive depression is important in heart failure patients with underweight.
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EWGSOP-defined sarcopenia stages, bone mineral density, and the prevalence of osteoporosis in Brazilian older woman Ricardo M. Lima, Rafael R. Lemos, Silvia G.R. Neri, André B. Gadelha
Faculty of Physical Education, University of Brasília, Brasília, Distrito Federal, Brazil Introduction: Although there is evidence of an interconnection in the presence of osteoporosis and sarcopenia, little is known about the association between the stages of sarcopenia and osteoporosis. The aim of this study was to assess the association between different stages of sarcopenia, bone mineral density (BMD), and the prevalence of osteoporosis in older women. Methods: Two hundred thirty-four women (68.3 ± 6.3 years) underwent body composition and BMD measurements using DXA. Quadriceps isokinetic strength was assessed, and the timed up and go test was conducted as a measure of physical function. Sarcopenia stages were categorized according to European Working Group on Sarcopenia in Older People (EWGSOP): nonsarcopenia, presarcopenia, sarcopenia, and severe sarcopenia. The presence of osteoporosis was ensured as a BMD at the hip or spine ≤2.5 standard deviations below the mean of a young-adult reference population. ANOVA models, chi-squared tests, and odds ratio were calculated, with significance level set at P < 0.05. Results: Osteoporosis prevalence was 15.8%, 19.2%, 35.3%, and 46.2% for nonsarcopenia, presarcopenia, sarcopenia, and severe sarcopenia (x 2 = 0.017; P = 0.002), respectively.
Both BMD values and T-scores were significantly lower among all sarcopenia stages than nonsarcopenic subjects (all P < 0.05, η 2 p : 0.113 to 0.109). Volunteers classified as severe sarcopenia presented a significantly greater risk for the presence osteoporosis (OR: 3.991; 95% CI: 1.286-12.391). Also, the presence of Sarcopenia (i.e. sarcopenia + severe sarcopenia) was independently associated with a higher risk for osteoporosis (OR: 3.445; 95% CI: 1.521-7.844) when compared to the nonsarcopenia group. Conclusions: These results provide support for the concept that a dose-response relationship exists between sarcopenia stages, BMD, and the presence of Osteoporosis. These findings strengthen the clinical significance of the EWGSOP sarcopenia definition and indicate that severe sarcopenia should be viewed with attention by health professionals. Results: There were 56 men and 99 women in this study. Women were older (85 vs. 82 years, P = 0.035) and had smaller body surface area (1.3 vs. 1.5, P < 0.001) and aortic valve area (0.60 vs. 0.69 mm 2 , P < 0.001) with similar Society of Thoracic Surgeons Scores (7.2 vs. 7.6%, P = 0.635) to men. From the standpoint of physical performance in frailty, women were considered to be more frail than men (hand grip strength; 10 vs. 20 kg, P < 0.001, gait speed; 0.8 vs. 0.7 m/s, P = 0.03), although their scores (not the actual numbers) were not significant (SPPB; 8.1 vs. 8.9, ns, PARTNER frailty scale; 7.1 vs. 6.8, ns, modified Fried scale; 2.4 vs. 2.1, ns). On the other hand, from the standpoint of activity of daily living in frailty, women were also considered more frail than men (frailty index 4.0 vs. 3.1, P = 0.05), although simplified classification were not significant (KATZ 5.6 vs. 5.5, ns, clinical frailty scale 4.2 vs. 4.2, ns). Although device success and safety endpoint at 30 days were not different (93 vs. 89%, ns, and 82 vs. 80%, ns, respectively) between them, 1-year mortality was higher in men (17 vs. 4%, P = 0.041).
Conclusions: This study suggests that women have greater physiological reserve than men despite advanced age and frailty.
Background: There is a paucity of data regarding prognostic role of muscle, fat, and bone mass in patients with heart failure (HF). Methods: We retrospectively analysed 418 patients admitted with a diagnosis of HF [71 ± 13 years, 59% male, and 67% NYHA Class 4 on admission, 54%, 15%, and 31% with reduced left ventricular ejection fraction (LVEF <40%), mid-range (40% ≤ LVEF <50%), and preserved (≥50%) LVEF, respectively]. Dual-energy X-ray absorptiometry was performed at stable state after decongestion therapy. Muscle, fat, and bone mass were indexed by height squared and dichotomized by the median value for each sex. In a same period, 272 non-HF patients with coronary artery disease were also analysed for comparison.
Results: From data of 198 matched pair by age and sex, patients with HF had lower appendicular skeletal mass index (ASMI) than those without HF (7.0 ± 1.3 vs 6.7 ± 1.3 kg/m 2 , P = 0.007). Mean ASMI in all HF patients was 6.9 ± 1.2 kg/ m 2 in men and 5.6 ± 0.9 in women, so that 53% of patients had low muscle mass categorized by the Asian Working Group of Sarcopenia. During median follow-up of 677 days, 159 patients experienced primary outcome defined as death or heart failure hospitalization. Uni-and Multivariate Cox regression analysis revealed that lower ASMI [unadjusted HR: 1.85, 95% CI 1.35-2.55, P < 0.001; adjusted HR (aHR): 1.47, 95% CI: 1.00-2.17, P = 0.048] and bone mass (aHR: 1.48, 95% CI: 1.05-2.10, P = 0.027), but not lower fat mass (aHF: 0.84, 95% CI: 0.54-1.31, P = 0.45), were associated with elevated risk of primary outcome. Negative impact of lower ASMI was observed for each of outcome components (P < 0.0001, P = 0.0007, P = 0.032, and P = 0.0025 by LogRank, for all-cause death, cardiovascular death, noncardiovascular death, and HF re-hospitalization, respectively). Conclusions: HF was characterized by lower muscle mass in comparison with non-HF patients. Indices about muscle and bone mass rather than fat mass have prognostic impact in HF.
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Association between PG-SGA and lean mass determined by computed tomography in patients with cervical cancer The study population consisted of 60 women (age 46.22 ± 11.79 years). The majority of sarcopenic patients were classified as malnourished by PG-SGA. The patients among with excessive weight by BMI were classified as eutrophic by SMI. Most of patients classified as score 1 in the muscle mass depletion or in the physical examination of PG-SGA were eutrophic by SMI (95%), and all those who were classified as the worst depletion score (score 4) were sarcopenic. Conclusions: PG-SGA is shown to be a useful and viable method that has a good association with SMI by CT, being a recommended method of nutritional assessment for patients with cervical cancer.
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Role of volume status on outcomes in chronic haemodialysis patients prone to intradialytic blood pressure changes Su Hyun Kim, Shin Jung-Ho, Hwang Jin Ho
Chung-Ang University Hospital, Seoul, Korea
Background: Changes in blood pressure frequently occur during the haemodialysis treatment, but their extreme forms, intradialytic hypotension and hypertension, are make difficult keep the treatment. Moreover, recent studies have found that they result in adverse outcomes among chronic haemodialysis patients. Both intradialytic hypotension and hypertension are known to be related with volume status and its change during haemodialysis; however, whether volume status is responsible for their adverse outcomes remains uncertain. Therefore, we evaluated volume status assessed by bioelectrical impedance analysis (BIA), and then, we investigated its influence on cardiovascular event in chronic haemodialysis patients with intradialytic hypotension or hypertension.
Methods: In end-stage renal disease patients on chronic haemodialysis, blood pressure measurements were collected from six haemodialysis sessions before body composition analysis. We defined intradialytic hypotension as a decrease in systolic blood pressure ≥30 mmHg during the treatment in 4/6 treatments and intradialytic hypertension as an increase in systolic blood pressure ≥10 mmHg from pre-to post-haemodialysis in 4/6 treatments. Then, we estimated volume status as the ratio of extracellular water to total body water (ECW/TBW) using a BIA device.
Results: A total of 136 chronic haemodialysis patients were followed for 34 (19, 64) months. Of included patients, 34 (24.1%) and 25 (17.7%) were classified into the intradialytic hypotension and hypertension groups, respectively. The ECW/TBW of pre-haemodialysis and post-haemodialysis did not differ between the groups (P = 0.386 and 0.088). Despite statistical insignificance, post-haemodialysis ECW/TBW was slightly higher in the intradialytic hypertension group than those in the control and intradialytic hypotension groups (0.38 ± 0.02 vs. 0.37 ± 0.02 vs. 0.37 ± 0.2; P = 0.086 and 0.305, respectively). Cardiovascular events occur in 28 cases during the study period, and the incidence differed between the groups (P < 0.001). The risk of cardiovascular events was higher in the intradialytic hypotension and hypertension groups than it was in the control group (intradialytic hypotension: HR 5.2, 95% CI 2.1 to 12.8 and intradialytic hypertension: HR 3.3, 95% CI 1.2 to 9.5). Furthermore, the associations between intradialytic blood pressure abnormalities and cardiovascular events persisted after the adjustment by both pre-and post-haemodialysis ECW/TBW (all P < 0.05).
Conclusions: This study showed that both intradialytic hypotension and hypertension might cause cardiovascular events in chronic haemodialysis patients, and the relationships were independent of volume status. Therefore, further studies for the management of these complications are needed by focusing on other factors related to changes in blood pressure during haemodialysis, such as autonomic system or endothelial function, in addition to efforts to maintain the euvolemic status.
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Muscle mass and its association with frailty in elderly oncologists
Maria Jose Molina-Garrido Objectives: The main objective of this work is to evaluate which parameters of physiological reserve (including skeletal muscle mass) are associated with frailty, as measured by the VES-13 questionnaire, in elderly patients with cancer. Material and methods: Prospective observational study of cohorts that included patients ≥70 years of age with cancer, consecutively assessed in a hospital in the central area of Spain. Variables related to the study population were recorded (age, sex, cultural level, and marital status); with the tumour (type of tumour, tumour stage, receiving or not treatment with chemotherapy, and type of regimen used); physiological reserve parameters of the elderly at different levels: respiratory capacity (expiratory flow measured by a peak-flow device); renal reserve (creatinine clearance, recorded by the Crockcroft-Gault formula); cognitive reserve (Pfeiffer questionnaire); muscle reserve (skeletal muscle mass index) and functional reserve (handgrip determined by means of a Jamar manual dynamometer) and speed of walking (a 5-m stretch). Frailty is defined as a score ≥ 3 in the VES-13 questionnaire. By means of binary regression, and later, logistic regression, we determined which of these parameters are correlated with the risk of frailty in the elderly oncology, adjusting for age, ECOG, and sex. Results: A total of 207 patients were included, average age of 78.6 years; male sex (62.3%); 32.7% of patients (n = 67) were frail patients. The only physiological reserve variables in the elderly oncology that are associated with frailty are the speed of walking (OR 0.45, 95% CI: 0.008-0.288, P = 0.001), the skeletal muscle mass (OR 1.171, 95% CI: 1.046-1.310, P = 0.006), and hand grip strength (OR 0.944, 95% CI: 0.904-0.986, P = 0.010) (AUC of this model, 0.84, 95% CI: 0.78-0.90). Discussion: The skeletal muscle mass is associated with frailty in measured by the VES-13 questionnaire.
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Association between handgrip dynamometry (HGD) and health related quality of life (HRQoL) Introduction: Systemic arterial hypertension promotes cardiac remodelling. With the progression of the disease, ventricular dysfunction occurs and, subsequently, heart failure. Several skeletal muscle alterations occur during this period, such as atrophy, fibrosis, metabolic, enzymatic, and biochemical abnormalities. Currently, physical exercise has been recommended for prevention and recovery of muscle alterations. Therefore, the aim of this study was to evaluate the influence of physical training on oxidative stress, energy metabolism, and respiratory complex in the gastrocnemius muscle of spontaneously hypertensive rats (SHR). Methods: Four experimental groups were used: sedentary (W-SED, n = 19) and trained (W-EX, n = 18) normotensive Wistar rats, and sedentary (SHR-SED, n = 18) and exercised (SHR-EX, n = 22) hypertensive rats. At 13 months old, rats of the exercise groups underwent to treadmill exercise protocol 5 days/week, for 4 months. Echocardiogram was performed to assess in vivo cardiac structures and function. At the end of experimental period, white portion of gastrocnemius muscles were obtained for biochemical and histological analysis. Antioxidant enzymes activity, lipid hydroperoxide, energy metabolism, and respiratory complex were evaluated by spectrophotometry. Comparisons between groups were performed by two factors analysis of variance, complemented with the Tukey test (P < 0.05). Results: Echocardiogram showed lower left ventricular (LV) wall thickness, LV relative wall thickness, left atrium diameter, and LV relaxation time in SHR-EX group vs. SHR-SED. Gastrocnemius lipid hydroperoxide was higher in both hypertensive groups and lower in SHR-EX vs. SHR-SED group. Muscle antioxidant enzymes (catalase, superoxide dismutase, and glutathione peroxidase), energy metabolism (phosphofructokinase and citrate synthase), and respiratory complex (Complex I and II) were higher in SHR-EX vs. SHR-SED. Lactate dehydrogenase was lower in SHR-EX vs. SHR-SED. Both SHR groups presented lower gastrocnemius cross-sectional area than the respective control groups. Conclusion: Physical exercise attenuates cardiac remodelling, improves oxidative energy metabolism, and decreases oxidative stress in gastrocnemius muscle in spontaneously hypertensive rats. Support: FAPESP; CNPq.
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The effect of exercise intervention depends on cognitive level Introduction: A number of studies have demonstrated that exercise training to elderly people has positive effects not only on physical function but also on cognitive function. However, exercise method aimed to prevent cognitive decline is poorly so far is controversial. In the present study, we discuss the effects of fitness classes on physical and cognitive functions by focusing on the individual difference. Methods: 37 healthy elderly volunteers, aged 73.3 ± 5.8, participated in this study. All subjects live in Hirakata city, Osaka prefecture, Japan. They underwent a seated exercise program for 30 min per session, once a week for 8 weeks.
Before and after the intervention, body composition measurement, physical fitness ability test, and cognitive function test (Mini-Mental State Examination, MMSE) were conducted.
Result: After the intervention, the results of physical fitness ability test were significantly improved; however, MMSE did not change as a total average value. Next, we divided into two groups [control (≤26, n = 29) and cognitive impairment (>26, n = 8)] based on the MMSE score and then analysed. As a result, cognitive impairment group significantly improved on the MMSE score. Also, interestingly, physical fitness ability test such as grip strength, 5-m walking, and long seat flexion value significant improved only in the control group. Conclusions: Although the result that elderly people joining fitness classes only for 8 weeks has positive effects on physical function supports other present studies, division of the data according to the cognitive level revealed that people who are likely to decline in cognitive level did not show significant change in test of physical strength. To these people, long-term exercise training might be necessary to improve the strength. Despite physical function not improved, the significant improvement in cognitive function is interesting, and this shows the importance of exercise training to elderly people.
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Serum vitamin D is correlated with nutritional status and physical function in maintenance haemodialysis patients Introduction: Patients with chronic kidney disease (CKD) on haemodialysis are at increased risk of protein energy wasting (PEW), leading to impaired exercise capacity, physical disability, reduced quality of life, and increased mortality risk. These patients also exhibit vitamin D deficiency due to conditions, such as aging, obesity, protein loss, and reduced skin production besides impaired kidney function. Vitamin D is associated with functional capacity in several conditions and there is a need for investigation in CKD patients. Aim: The objective of the study was to assess the association of serum vitamin D with PEW and functional capacity in haemodialysis patients. Methods: Cross-sectional analysis including baseline assessment of patients on maintenance haemodialysis included in a randomized controlled trial that will assess the effect of cholecalciferol supplementation and resistance training on bone mineral metabolism and inflammatory markers, older than 18 years. Participants underwent nutritional status assessments using Malnutrition Inflammation Score (MIS), BMI, and abdominal circumference. BlueCompanion ltd, London, UK Introduction: Physical Frailty and Sarcopenia (PF&S, Del Signore, Roubenoff, 2017), represents an underestimated health risk among older adults leading to increased morbidity (including falls/injurious falls) and mobility disability. In physically frail older adults, mobility should be carefully assessed in order to prevent further deterioration. In a previous study, the ADAMO watch tested in heathy adults (age >65 years) showed high validity in step detection at slow walking speeds, with an absolute error of 1.5% at 0.8 m/s (Rainoldi et al. 2018) . In the present study, we analysed the mobility data provided by ADAMO system with the objective to detect a frail/pre-frail status. Methods: Twenty-five community-dwelling older adults (71 ± 6 years; 60% women) worn continuously ADAMO for a week. The mobility index (MI) is a parameter explaining the daily grade of performed physical activity, as: Very Low (VLM), Low (LM), Medium (MM), High (HM), and Very High (VHM) Mobility. Walking ability and physical frailty were estimated using the 400 m walking test and the Tilburg Frailty Indicator (TFI), respectively. Results: Controlling for age and gender, ANCOVA showed that frail and robust participants were different for VLM (frail = 58.8%, robust = 42.0%, P < 0.001), LM_MM (frail = 25.5%, robust = 33.8%, P = 0.008), and HM_VHM (frail = 15.7%, robust = 24.2%, P = 0.035). Using cluster analysis, participants were divided into two groups, with higher or lower mobility. Age and gender controlled linear regression showed that the MI clusters were associated with total (β = 0.571, P = 0.002) and physical frailty (β = 0.381, P = 0.031); and the 400mWT was associated with total (β = 0.404, P = 0.043) and physical frailty (β = 0.668, P = 0.002). Conclusions: ADAMO wristwatch demontrated being a reliable mobility tracking system to record, non-intrusively, continous data on mobility levels closely related to other objective (400mWT) or subjective indicators (TFI) of the physical frailty status. As a next step, longitudinal studies in homogeneous populations suffering from Physical Frailty and Sarcopenia should determine ADAMO MI suitability as an endpoint for clinical trials.
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Comparison of muscle size, muscle composition, and physical function between healthy and physically disabled older adults Introduction: Loss of skeletal muscle mass is a major wellknown change associated with aging. It is reported that qualitative changes such as increased inter or intramuscular adipose and connective tissue in skeletal muscle with aging. These changes in muscle composition are associated with decreased motor function and/or insulin resistance. Muscle quality is considered to be related to frailty of the older individuals. Recently, echo intensity (EI) of skeletal muscle obtained by ultrasonography has been considered to reflect muscle quality. This study aimed to compare muscle size, muscle quality, and physical function between healthy and physically disabled older adults. Methods: A total of 98 older adults participated in this study: healthy group (15 males and 23 females; 65-90 years) and disable group (25 males and 35 females; 66-94 years). All participants in physically disabled group were individuals requiring long-term care or support. Muscle thickness (MT) and EI of the anterior compartment of the right thigh were evaluated using ultrasonography imaging method. Physical functions such as knee extension strength and walking speed were also measured. Results: In both sexes, healthy group had significantly higher MT (P < 0.01) and lower EI (P < 0.05) than disabled group. Knee extension strength and walking speed in healthy group were significantly higher than those in disabled group (P < 0.001). When multiple regression analysis was performed, after adjusting age, sex, group, and body mass index, MT, EI, and group were still significantly correlated with knee extension strength (P < 0.01). However, EI was not significantly correlated with maximal walking speed (P = 0.629). Conclusions: This study indicate that the quality in addition to the quantity of the lower limb muscle affects the physical functional decline in older people. However, the impact of muscle quality is thought to be less than that of muscle size.
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Phase angle is associated with physical performance in patients on peritoneal dialysis Introduction: Sarcopenia is characterized by reduced muscle mass and physical function or performance. Physical performance reduction is associated with poor outcomes in patients with chronic kidney disease (CKD) on dialysis. Phase angle (PA) reflects nutritional status, and it is also an important prognostic indicator, besides it is a non-invasive and objective assessment. However, there are no studies associating PA with physical performance in PD patients. Aim: The objective of the study was to evaluate the association between phase angle (AF) with functional capacity in patients with CKD on peritoneal dialysis (PD). Methods: Cross-sectional study, which enrolled PD prevalent patients, older than 18 years. AF evaluation was performed by bioelectrical impedance and functional capacity evaluated by Short Physical Performance Battery (SPPB), which includes balance, gait speed, and sit-to-stand tests. For statistical analysis, Spearman's correlation and Multiple Linear regression were used. The level of significance was set at P < 0.05. Results: Fifty patients in PD, 52% women, mean age 55.7 ± 16.2 years, median time of therapy 9.5 (5-18) months, BMI of 26 ± 4.5 kg/m 2 and AF 6.06 ± 0.96. Regarding SPPB, 48% of the sample presented high performance, 46% intermediate performance, and 6% low performance. There is a significant correlation of PA with SPPB score (r = 0.481, P = 0.000), gait speed test (r = 0.479, P < 0.001), and balance and sit-to-stand tests (r = 0.294, P = 0.038, r = 0.374, P = 0.007, respectively). In regression model (R 2 = 0.379), the variables balance (OR = 0.333, IC 0.548-0.2793, P = 0.007) and gait speed (OR = 0.492, IC 0.247-0.803, P = 0.000) were associated with PA. Conclusions: There is significant association of SPPB score with PA, as well with the isolated variables included in SPPB. Since PA is associated also with nutritional status, regular monitoring of PA provides an important assessment, which may improve outcomes in patients in PD.
Background: Impaired autonomic nervous system regulation is frequently observed in patients with stroke. Previously, an association of increased sympathetic activity with unfavourable functional outcome has been shown in poststroke patients. The aim of the present study was to evaluate the impact of heart rate variability (HRV) assessed by the time-domain method on functional outcome in patients with subacute stroke. Methods: 105 consecutive patients (70 ± 11 years, BMI 27.0 ± 5.4 kg/m 2 , 63% males) with ischaemic or hemorrhagic (15% of patients) stroke were studied during the early poststroke rehabilitation (Brandenburgklinik, Bernau, Germany). All patients underwent 24-h Holter-monitoring at admission. Study examinations were performed at begin of rehabilitation (23 ± 17 days post-stroke, p.s.) and discharge (50 ± 18 days p. s.). The functional status was assessed by Barthel Index (BI), modified Rankin scale (mRS), and Rivermead Motor Assessment (RMA). Depressed HRV was defined by HRV-TI ≤20 and SDNN <100 ms. Cumulative functional disability was defined by the cumulative presence of mRS ≥ 4 points, BI ≤ 70 and RMA ≤ 5 at discharge. Results: In total, 20 patients (19%) were found with depressed HRV at admission to the early post-stroke rehabilitation. The functional status (mRS, RMA, and BI) after stroke at the beginning of the rehabilitation did not differ between patients with normal HRV and with depressed HRV (mRS and BI, both P > 0.08; RMA, P = 0.2) At discharge, patients with depressed HRV showed the lowest functional status according to the BI (60 ± 23 vs. 76 ± 20, P < 0.0001), mRS (3.7 ± 0.6 vs. 3.0 ± 1.0, P < 0.001), and RMA (6.4 ± 2.3 vs. 7.4 ± 2.2, P < 0.05, all analysed by ANCOVA adjusted for baseline) as compared to the patients with normal HRV. After adjustment for body mass index, age, sex, β-blocker, Ca 2+ -antagonists and the presence of diabetes mellitus, cumulative functional disability was independently associated with depressed HRV (OR 3.87 [95% CI 1.29-11.59], P = 0.016).
Conclusions: Increased sympathetic nervous system activity (depressed HRV) in patients with stroke was associated with the worst functional outcome after the early post-stroke rehabilitation. Introduction: Sarcopenia induces an elevation of cardiovascular disease risks, such as arterial stiffness index. Recently, C1q has been identified as a novel myokine, and the expression of muscle C1q mRNA increases with aging. Furthermore, we revealed that aging-induced muscle C1q secretion leads to muscle fibrosis and atrophy via activation of Wnt/β-catenin signalling. Additionally, another study has been shown that, in vivo and in vitro studies, C1q induces proliferation of vascular smooth muscle cells. However, it is unclear whether the aging-induced secretion of myokine, C1q, TNF-alpha, and IL-6 levels were associated with cardiovascular disease risk in humans. Therefore, this study aimed to clarify whether serum C1q, TNF-alpha, and IL-6 levels are associated with aging-induced increase in cardiovascular disease risk. Methods: One-hundred twenty-seven subjects (18-81 years, male: n = 67, female: n = 60) participated in this study. Subjects were divided into two groups; young (<40 year) and middle-aged and older (≥40 year) groups. Serum C1q, TNFalpha, and IL-6 levels were assessed by ELISA. Arterial stiffness index, as an index of cardiovascular disease risk, was estimated by using carotid-femoral pulse wave velocity (cfPWV). MRI was used to determine muscle cross-sectional area (CSA) of quadriceps and hamstrings. Results: Muscle CSA was negatively correlated with cfPWV (r = À0.41, P < 0.05). Serum C1q, TNF-alpha and IL-6 levels, and cfPWV were significantly higher in middle-aged and older group as compared with young group (respectively P < 0.05). Furthermore, serum C1q level was negatively correlated with muscle CSA (r = À0.25, P < 0.05), whereas no significant correlation was observed between serum TNF-alpha or IL-6 and muscle CSA. Additionally, the serum C1q level was positively correlated with cfPWV (r = 0.47, P < 0.05). After adjusting for 11 confounders, the association between serum C1q level and cfPWV remained statistically significant (ß = 0.24, P < 0.05). Conclusions: These results suggest that serum C1q level may be a novel biomarker of the elevation of arterial stiffness with age.
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Determinants of bone status in men with heart failure: results from the studies investigating co-morbidities aggravating heart failure (SICA-HF) Background: Hear failure (HF) and osteoporosis are highly prevalent aging-related diseases that exact a huge impact on society. The most devastating complication of osteoporosis is hip fracture, which is associated with disability and high mortality risk. We aimed to assess the determinants of hip bone mineral density (hip BMD) in men with HF. Methods: One hundred ninety-seven males with HF and 25 healthy controls, aged over 40 years old, were included. Bone status and body composition were measured by DEXA method at baseline and at 30 months, as were spiroergometry and blood analysis. Results: HF patients were older and had higher body mass index than controls (68 ± 10 vs. 63 ± 11 years, 29 ± 5 vs. 25 ± 3 kg/m 2 , P = 0.012 and P = 0.001, respectively). Lean mass was similar between groups (58 082 ± 8911 vs. 57 122 ± 7754 g, P = 0.61), while fat mass was increased in HF group (27 721 ± 9462 vs. 18 936 ± 6926 g, P < 0.0001).
After adjustment for body weight, hip BMD was decreased in HF subjects (0.0135 ± 0.0025 vs. 0.0146 ± 0.0018 g/cm 2 , P = 0.04). Hip BMD was lower in NYHA III vs. NYHA I/II (P = 0.03). Patients with decreased hip BMD (below median value) compared to those with normal hip BMD (above median value) were older (70 ± 10 vs. 66 ± 10 years, P = 0.01) and more symptomatic (NYHA class 2.4 ± 0.6 vs. 2.2 ± 0.6, P = 0.02), while left ventricular ejection fraction and renal function were similar (P > 0.05 for both). Patients with decreased hip BMD presented with lower lean mass (55 746 ± 8863 vs. 60 491 ± 8342 g, P < 0.0001), while fat mass was similar compared to the patients with normal hip BMD (26 752 ± 10 310 vs. 28 721 ± 8437 g, P = 0.15). Physical performance was inferior in patients with decreased hip BMD (absolute peak VO2: 1419 ± 508 vs. 1646 ± 445 mL/min, P = 0.003). Proinflammatory milieu, expressed by cytokines levels, was emphasized in HF patients with reduced hip BMD compared to normal hip BMD [for TNF-α 205 (164) vs.
182 (97) pg/mL, P = 0.025; for IL-1β 9.95 (6.96) vs. 9.02 (4.23) pg/mL, P = 0.024; for IL-6 40.16 (30.43) vs. 38.14 (18.62) pg/mL, P = 0.032]. Decreased hip BMD was independently predicted by lower absolute peak VO2 and increased TNF-α (P < 0.05 for both). Hip BMD significantly decreased after 30 months of follow-up in males with HF (1.179 ± 0.132 vs. 1.170 ± 0.142, P = 0.02).
Conclusions: In men with HF, impaired exercise capacity and proinflammatory milieu independently correlated with reduced hip BMD. HF patients with decreased exercise capacity and/or higher inflammatory markers should be advised to perform bone assessment in order to prevent potentially fatal hip fracture. Background: Sarcopenia is the age-related loss of skeletal muscle mass and strength which has been highlighted since the decreased muscle mass is prevalent in elderly and demonstrated to be associated with frailty, chronic disease, and mortality in elderly people. Menarche and menopause are two indicators of the reproductive history of women; however, their associations with sarcopenia have not been researched. Therefore, the present study will be to examine association between duration of reproductive span and Sarcopenia. Methods: We used data obtained from the Korea National Health and Nutrition Examination Surveys, which is a nation-wide cross-sectional survey. Dual-energy X-ray absorptiometry was used to measure body composition. We defined subjects whose muscle mass, especially the weight-adjusted appendicular skeletal muscle mass was 1 standard deviation below the mean of the young reference group as sarcopenia. Reproductive spans were obtained by calculating durational difference years of menarche and menopause. Furthermore, we split the reproductive span according to tertile. Binary logistic regression analysis was performed to select confounders for sarcopenia. Multivariate logistic regression analysis was used to analyse association between reproductive years and sarcopenia after adjusting confounders. P < 0.05 was considered statistically significant. Results: In total, 3963 women were included in this study, 803 were subjects with sarcopenia (20.3%, 803/3963). Patients with chronic kidney disease (CKD) on haemodialysis usually develop protein-energy wasting, decrease in functional capacity and quality of life, increasing sedentary lifestyle, aggravating the situation mass and muscle function loss, chronic systemic inflammation and cardiovascular disease. This study aimed to evaluate the association of nutritional status with muscle function, functional capacity, and quality of life of haemodialysis patients. Methodology: Cross-sectional study that included patients with CKD on maintenance haemodialysis for at least 3 months, with more than 18 years old. Participants were submitted to a single evaluation of nutritional status, quality of life, muscular function, and functional capacity. Participants were characterized by demographic, clinical, and laboratory data. Malnutrition Inflammation Score (MIS) was used to assess nutritional status. Handgrip strength (HGS) was performed to evaluate muscle function and functional capacity was evaluated by Short Physical Performance Battery (SPPB). Quality of life was assessed by the SF-36 Quality of Life Questionnaire. To evaluate the patient's physical activity level, International Physical Activity Questionnaire (IPAQ) was used. Results: Seventy-seven patients were enrolled, 64.9% male, mean age 55 ± 14 years, dialysis vintage 23 (8;72) months, MIS median 5 (3;7), and SPPB median 8 (6;10). Positive correlations between MIS and dialysis vintage and negative correlations between MIS and BMI, creatinine, iron, albumin, total cholesterol, triglycerides, handgrip strength, SPPB, and SF-36 domains of functional capacity, vitality, and general health were found. Physical activity level was not correlated with MIS. Multiple analysis resulted in a statistically significant model (R 2 = 0.402; P < 0,001) with as- Purpose: Skeletal muscle mass and function are impaired in chronic kidney disease (CKD), and it can lead to metabolic disruption, such as dyslipidemia and insulin resistance. Muscle mass is related with serum creatinine in CKD population and can be used as a reliable muscle mass biomarker. Another factor associated with metabolic disruption is immunological system. Changes in percentage of CD4+ and CD8+ T cells may indicate that defence against intracellular pathogens is suppressed. Infection is one of the main causes of mortality in haemodialysis. Therefore, we aimed to evaluate the association of muscle function and metabolic and immunological profile in maintenance haemodialysis patients. Methods: Cross-sectional analysis including baseline assessment of patients with CKD on haemodialysis included in a randomized controlled trial that will assess the effect of cholecalciferol supplementation and resistance training on bone mineral metabolism and inflammatory markers. Patients were older than 18 years on haemodialysis for at least 3 months. Participants underwent muscle function evaluation using handgrip strength. Metabolic profile (total cholesterol, HDL-c, LDL-c, triglycerides, glucose, and creatinine) was determined by colorimetric method. Percentage of CD4+ (%CD4+) and CD8+ (%CD8+) were determined using flow cytometry. Results: Fourteen patients were included, six males (42,9%), mean age 49 ± 12 years, dialysis vintage 17 (13;63) months. Correlations between muscle function and serum creatinine (r = 0.692, P = 0.009) and %CD4+ cells (r = À0.564, P = 0.045) were found. There was no significant correlation between serum creatinine and the analysed variables. Triglycerides correlates with %CD4+ (r = 0.708; P = 0.005), %CD8+ (r = 0.537; P = 0.048), and CD4+/CD8+ (r = 0.586; P = 0.028). Conclusions: Muscle function is positively correlated with serum creatinine and negatively with %CD4+ cells. Triglycerides exhibited close correlation with immune cells showing immunometabolic interaction. Decrease in peripheral %CD4+ cells can, at least in part, contribute for immunosuppression condition. Further investigation is needed to verify the interaction between muscle quality and immunological response in patients on haemodialysis.
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A study protocol on physiopathology of neuromuscular function for multi-comorbidity patients with chronic kidney disease during pre-dialysis phase Introduction: Chronic Kidney Disease (CKD) is a worldwide emerging disease that induces progressive and systemic damages with glomerular filtration rate (GFR) decline. Many metabolic derangements appear since the early CKD stages, and their prevalence and importance grown with deterioration of GFR. During the 'pre-dialysis' phase, muscle wasting is multifactorial. Along with inhibition of protein synthesis and increase protein catabolism, more complex phenomena are probably in cause, impacting muscular function rather than a quantitative reduction of the lean mass. Indeed, pre-dialysis CKD patients are not universally considered as patients with neuromuscular deficiency, but profound fatigue is commonly reported. This study aims to investigate in a high comorbidity cohort of pre-dialysis patients, the link between reported fatigue rate and neuromuscular capacities, specifically through neuromuscular fatigue (NmF) analysis. Methods: It is a prospective, observational, and nonrandomized study. Inclusion criteria: All the adult patients with CKD 3B -5 followed in the Unit for the advanced CKD (n = 130) will be offered the possibility of performing this evaluation (free of charge). Exclusion criteria: Paediatric and pregnant patients and those who refuse. Anthropometric, biochemical, and kidney function data will be collected, functional capacity tests like to Timed up and Go (TUG), 6 min walking test (6WT), and specific force analysis during exercise fatigue induced will be realized. Force analysis will collect time to maximal contraction, maximal force, critical force (i.e. maximal isometric force that a muscle can maintain 'for a very long time without fatigue'), and electromyography analysis will allow interpolate electromyography fatigue threshold with deVries method (1984) .
Results: Approximately 100-130 patients with multiple comorbidities are expected to be enrolled in this study. Patients will be stratified according to the main deficit, and specific training programs will be designed. Conclusions: The study of neuromuscular deficits could guide specific interventions to enhance muscular efficiency, wellbeing, and to potentially improve fatigue.
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Objective measurement of muscle strength Oldřich Vyšata, Zdeněk Zadák, Martin Vališ University Hospital Hradec Králové, Hradec Králové, Czech Republic Introduction: Muscle force is usually measured by uniformly trained physical therapists. The most widespread methods of measuring muscle strength require patient cooperation. To measure progress of muscle weakness or treatment effect on strength different methods have been used, including manual muscle testing (MMT) and maximal voluntary isometric contraction (MVIC) megascores. Coefficients of variation for single muscle were for both methods in clinical studies 3.5-7.5. In this pilot study, muscle strength is tested objectively by stimulation of the muscle at the motor point. Methods: Muscle contraction of the M. tibialis anterior was induced by increasing electric current intensity stimulation in the motor point of the muscle. The air pressure was measured in the cuff located on the instep of the foot fixed in a solid plunger. Muscle stimulation was terminated at a constant force of muscle contractions with increasing intensity of stimulation. Ten measurements were performed on 12 healthy volunteers over a month. Coefficient of variation was used to estimate intraindividual variability. Results: The dependence of the muscle contraction force measured by the pressure in the cuff on the electrical current intensity is nonlinear. During muscle stimulation at the motor point, the discomfort is less than that of the repetitive stimulation of the mixed nerve, in which sensory fibres are stimulated at the same time. Coefficient of variation was 3.56. Conclusions: The proposed method of objective measurement of muscle strength by repetitive stimulation at the motor point is highly reproducible. It does not require patient collaboration. It requires minimal training of medical technician. The only significant source of variance in the subject being investigated is the placement of the stimulation and reference electrodes above the motor point.
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New insights into muscle atrophy in a model of chronic sciatic nerve constriction Introduction: Chronic constriction injury (CCI) of the rat sciatic nerve is a used model for research of neuropathic pain, but little is known about musculoskeletal changes associated with this injury. We investigated the modulation of catabolic pathways, in skeletal muscle, using a model of atrophy induced by chronic sciatic nerve constriction. Methods: Rats were divided into CCI and naive groups. In CCI group, sciatic nerve of right hind limb (ipsilateral) was exposed and constricted. Left hind limb (controlateral) underwent no surgical procedures. The naive group rats did not undergo surgery. Body weight and composition were measured before the injury, and then after 28 days, rats were anaesthetised, the ipsilateral and controlateral skeletal muscles dissected, and weighed. Cross sectional area (CSA) was visualized by haematoxylin and eosin staining. Catabolic signalling was assessed in gastrocnemius muscle (GC). Results: At 28 days post-sciatic nerve ligation, the CCI group had a body weight and body composition compared to naive animals. Muscle weight as well as cross sectional area (CSA) of muscle fibres decreased in ispilateral garstrocnemius compared to controlateral side. In the ipsilateral GC of the CCI group, western blotting showed an up regulation of the catabolic regulators (Beclin-1, p62, TRAF6, and LC3), whereas atrogin-1 was down regulated. Moreover, Pax-7 was upregulated. Interestingly, Neutrophil gelatinase-associated lipocalin (NGAL) protein expression was upregulated in the injured hind limb compared to the contralateral side in CCI group. Conclusions: CCI led to atrophy driven by an increase in autophagic markers. The ubiquitin E3-ligases atrogin-1 is decreased, suggesting that its involvement could occur at an earlier time point. Higher Pax7 expression in injured GC was observed, indicating that sciatic nerve damage associates with an expansion of satellite cells in atrophic muscle. Levels of NGAL, which is also upregulated in heart failure, was upregulated in muscle atrophy induced by chronic sciatic nerve constriction, suggesting a novel role of NGAL in muscle wasting.
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Integrative transcriptome and miRNAome analysis reveals extracellular matrix remodelling during muscle atrophy in cancer cachexia Cachexia is a complex metabolic syndrome characterized by loss of skeletal muscle, leading to a significant weight loss that impacts patient morbidity and mortality. Given the complexity of gene regulatory networks that control gene expression, our objective was to perform an integrative mRNA and miRNA profiling to identify genetic programs that capture essential mechanistic details promoting muscle atrophy in cancer cachexia. C57BL/6 mice were subcutaneously injected with Lewis Lung Carcinoma cells (LLC) or PBS (Control), and the main features of cancer cachexia were characterized after 23 days. Genome-wide gene expression profiles of mRNA and miRNA were performed by using RNA-sequencing in tibialis anterior (TA) muscle. Extracellular matrix (ECM) remodelling was quantified by western blotting and Picrosirius staining in TA. In vitro experiments were performed using C2C12 myotubes. LLC mice reduced body weight, presented muscle and fat tissue wasting, and their tumour size negatively correlated with body and TA weights. Additionally, we found 1008 differential expressed mRNAs (487 up-regulated and 521 down-regulated) and 18 miRNAs (13 up-regulated and 5 down-regulated). Our analysis suggests the activation of transcriptions factors contributing to muscle wasting such as NF-κ B, Stat, AP-1, and FoxO. Moreover, we identified potential posttranscriptional regulation by miRNAs of ECM organization and secretome components, such as collagens and osteoglycin. C2C12 myotubes treated with TNF-α and IFN-γ further validated the effects mediated by inflammation on ECM and secretome miRNAs-target transcripts. Finally, functional siRNA experiment in C2C12 myotubes confirmed that osteoglycin knockdown induces myotubes atrophy. Our results identify a set of signalling pathways potentially regulated by miRNAs that may contribute to muscle atrophy in cancer cachexia. Moreover, cancer cachexia and the inflammatory cytokines TNF-α and IFN-γ induce changes in muscle ECM and secretome components such as osteoglycin, which is associated with muscle cell atrophy. Grant #14/13941-0, São Paulo Research Foundation (FAPESP).
Introduction: Cachexia, a complex catabolic state, frequently accompanies pancreatic ductal adenocarcinoma (PDAC), the fourth leading cause of cancer-related death in the US and the seventh leading cause of cancer death worldwide. We previously showed in a murine PDAC model that leucine supplementation improves muscle protein synthesis but also enhances PDAC growth through activation of the mammalian target of rapamycin (mTOR) signalling pathway in both skeletal muscle and PDAC. Here, we test in the same murine PDAC model, in combination with gene expression microarray and gene set enrichment analysis, the hypothesis that β-hydroxy-β-methylbutyrate (HMB), a metabolite of leucine, will stimulate mTOR activity and protein synthesis in skeletal muscle but will suppress (in lean or obese mice and either alone or in combination with gemcitabine chemotherapy) PDAC growth and/or tumour mTOR activity. Methods: Male C57BL/6 mice received either control diet (n = 60) or a diet-induced obesity (DIO) regimen (n = 60) for 10 weeks and then were subcutaneously injected (right flank) with Panc02 PDAC cells and further randomized to continue their diets ±HMB supplementation and ±gemcitabine treatment. Results: We found that (i) DIO, relative to control diet, significantly increases Panc02 tumour growth (nearly 4-fold); (ii) HMB significantly decreases tumour growth in DIO-fed mice but has no effect in control mice; (iii) cell proliferation (Ki-67 positivity) was increased in tumours from DIO mice and reversed by HMB; (iv) HMB partially rescued gemcitabine responsiveness in DIO mice; and (v) HMB partially reverts the immune-suppressive tumour microenvironment induced by obesity, particularly by increasing tumour-infiltrating CD8+ T cell populations. Conclusions: These preclinical findings suggest that HMB may have anti-cachexia and anti-tumour activity against PDAC, particularly in the context of obesity.
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MuRF2 as a novel regulator of muscle mass loss in cardiac cachexia Dresden Heart Center, Dresden, Germany Introduction: The muscle-specific ubiquitin E3 ligase muscle RING finger 1 (MuRF1) is a known mediator of muscle loss in numerous wasting conditions, which include heart failure, denervation, and critical illness. In contrast, much remains unknown about the second MuRF family member, MuRF2, and whether it plays any direct role in the regulation of muscle mass loss. The current study, therefore, investigated if genetic deletion of MuRF2 could attenuate muscle atrophy in a mouse model of cardiac cachexia. Methods: Four groups of mice were compared: saline-treated C57BL/6 wild-type (WT) (n = 12) and global MuRF2 knockouts (KO) (n = 11) and monocrotaline-treated WT (n = 9) and MuRF2 KO (n = 9) to induce cardiac cachexia. After 8 weeks of intervention, in vitro soleus muscle function and fibre cross-sectional area was measured, while protein expression was assessed using western blot. Results: Monocrotaline treatment induced cardiac failure in both WT and MuRF2 KO mice, with evidence of weight loss, pulmonary congestion, and right-ventricular hypertrophy (P < 0.05). Muscle protein expression of MuRF2 was 72% higher (P < 0.05) in WT mice with cardiac cachexia compared to controls, which was associated with a reduction (P < 0.05) in soleus function by 16 ± 2%, wet-weight by 11 ± 3%, and cross-sectional area of the tibialis anterior by 32 ± 6%. In contrast, soleus function, wet-weight, or tibialis anterior fibre cross-sectional area remained unchanged (P < 0.05) when MuRF2 KO mice with cardiac cachexia were compared to control KO mice. Conclusions: Genetic deletion of MuRF2 prevented muscle wasting in mice with cardiac cachexia induced by monocrotaline treatment. These data provide evidence, therefore, that MuRF2 can play a key role in the regulation of muscle mass loss induced by cardiac cachexia. Cachexia is a metabolic syndrome in patients with advanced cancer characterized by a progressive loss of skeletal muscle, resulting in weakness, diminished quality of life, and poor response to radio-and chemotherapy. Systemic inflammation contributes to the development of cancer-cachexia (CC), and interleukin-6 (IL6) has been implicated as a key proinflammatory cytokine in the pathogenesis of muscle wasting in CC. Although global gene expression alterations in response to cytokines are informative, to our knowledge, no other study has examined the role of microRNAs (miRNAs) in skeletal muscle cells in response to IL6. Here, we described an integrative analysis between miRNA and mRNA expression profiles of C2C12 cells treated with IL6. We found that IL6 triggers atrophy, decreases the myoblasts fusion index, and reduces Myod protein levels in C2C12 myotubes. In addition, we identified 20 deregulated miRNAs in C2C12 myotubes in response to IL6, including the miR-23a, miR-146a, miR-148b, and miR-497. Gene ontology analysis on integrative mRNA/miRNA expression profiling data revealed miRNA interactions affecting genes that regulate cell differentiation, apoptosis, migration, and regulation of catabolic process. Interestingly, we also found that the miR-497 potentially repress the expression of Id3, whose inhibitory effect on myogenic differentiation is well established. Thus, our integrative microRNA and mRNA analysis results identified microRNA-regulated network and suggests a new regulatory axis of IL6/miR-497/Id3 during the muscle atrophy in response to IL6 treatment. Grant #12/13961-6, São Paulo Research Foundation (FAPESP).
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Identification of potential cancer cachexia biomarkers by tumour transcriptome analysis in non-small cell lung cancer patients with low muscularity Sarah Santiloni Cury Introduction: Cancer cachexia (CC) is a multifactorial syndrome characterized by an ongoing loss of skeletal muscle mass that leads to increased morbidity and poor prognosis. Up to 60% of all patients with non-small cell lung cancer (NSCLC) develop significant loss of muscle mass as demonstrated by computed tomography (CT) analysis. Methods: Here, we reanalysed CT images available on The Cancer Imaging Archive database and used transcriptome analysis aiming to identify new potential secreted molecules by the tumours of patients with low muscularity. Pectoralis muscle area from CT of 89 NSCLC patients (training set) was analysed to identify which ones had high or low muscularity. Results: Using tumour microarray data from our training set, we identified 105 deregulated transcripts in patients with low muscularity. Among the 75 up-regulated transcripts, we found several pro-inflammatory cytokines, including IL-6, IL-8, and CSF3. Functional enrichment analysis using Gene Ontology Consortium demonstrated that up-regulated genes were related to 'cytokine activity' and 'extracellular matrix region'. In addition, computational analyses using SignalP, SecretomeP, and TargetP, Vesiclepedia and Human Cancer Secretome databases allowed us to identify up-regulated transcripts NCAM1, CNTN1, SCG2, CADM1, IL8, NPTX1, and APOD as novel potential cachexia biomarkers in NSCLC secretome. Moreover, to verify the biomarkers prognostic value, we used tumour gene expression data to predict survival using seven additional NSCLC validation sets available in SurvExpress database. Noteworthy, this analysis demonstrated that our new potential biomarkers were capable to distinguish NSCLC patients with poor prognosis, and specifically, IL8 was significantly associated with poor prognosis in all validation sets. Conclusions: Integrative analysis of muscularity CT-based data and transcriptome profiles identified cancer patients with low muscularity, from which the tumours expressed a set of cachexia-related transcripts capable of predicting poor prognosis. These findings also reveal IL8 as a potential prognostic biomarker in NSCLC patients associated with lower muscularity. Acknowledgments: The results shown here are in part based upon data generated by the TCGA Research Network: http:// cancergenome.nih.gov/. The following grant helped support the development of this work: São Paulo Research Foundation -FAPESP (grant #17/21223-9).
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IL-6 trans-signalling among tumour, muscle, and fat mediates pancreatic cancer cachexia between tissues remain elusive. IL-6 activates signal transduction by binding with the membrane bound IL-6 receptor (IL-6R) (classical signalling) or the soluble IL-6R (sIL-6R; trans-signalling), produced from shedding of the membrane receptor. Here, we investigate the mechanisms of IL-6 signalling between tumour, fat, and muscle and the subsequent effects on cachexia using isolated tumour cells from the LSL-KrasG12D:LSL-Trp53R172H:Pdx1-Cre (KPC) genetic mouse model of PDAC. We used CRISPR/Cas9 editing to delete IL-6 expression in KPC tumour cells (KPC IL-6 KO ) and orthotopically injected mice with KPC or KPC IL-6 KO cells. KPC tumours expressed IL-6 in tumour and stromal cells, while also causing increased plasma IL-6 and sIL-6R protein levels in mice. KPC tumour mice had increased IL-6 gene and protein expression in adipose tissue but not muscle. Interestingly, while KPC tumour mice had increased IL-6R gene but not protein expression in muscle, adipose tissue IL-6R gene expression was unchanged while concomitant accumulation of sIL-6R protein (55 kDa) was measured. Furthermore, increased plasma glycerol and fatty acids, augmented fat loss, reduced muscle mass and increased myosteatosis were observed in KPC tumour mice. Increased cachexia severity was largely due to tumour-derived IL-6, since KPC IL-6 KO tumour mice had attenuated cachexia and increased survival without changes in tumour size or the use of an anti-tumour therapy. Thus, our data implicate a feed-forward signalling loop in PDAC cachexia, sparked by tumour-derived IL-6, resulting in skeletal muscle sIL-6R production, which augments adipose tissue lipolysis via IL-6 trans-signalling and promotes lipotoxicity-induced skeletal muscle wasting in PDAC.
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Deficiency in the immune inhibitory receptor LAIR-1 enhances body weight loss and airway inflammation in an animal model for COPD. Introduction: Cachexia, muscle wasting, and inflammation are well recognized as features of chronic obstructive pulmonary disease (COPD), adversely affecting disease progression and prognosis. Importantly, muscle wasting not only contributes to diminished skeletal muscle function, reduced exercise capacity, and decreased health status but is also a determinant of mortality in COPD. Inflammation may be one of the triggers for body weight loss. Therefore, factors that modulate the chemotaxis and activation of immune cells could be key in both the loss of body weight and inflammation. We recently identified the collagen receptor LAIR-1 as a functional inhibitory receptor on airway-infiltrated neutrophils in viral bronchiolitis patients. 1 We hypothesize that LAIR-1 regulates neutrophilic driven airway diseases and hence body weight loss.
Method: LAIR-1-deficient (Lair1 -/-) or wild-type mice were exposed to cigarette smoke for 10 days or infected with RSV as commonly accepted models of neutrophil-driven lung inflammation. Mice were monitored for cellular airway influx, weight loss, and cytokine concentrations. Results: LAIR-1 deficiency significantly enhanced the cigarette smoke-induced body weight loss (from Days 4 to 10) and neutrophil/macrophage influx into the airways (on Day 10) compared to wild types. After RSV infection, Lair1
-/-mice also showed an enhanced neutrophil recruitment without affecting viral-, CXCL-1 (KC) and IL-6 levels in the airways. LAIR-1 Fc administration in wild type mice, which blocks ligand induced LAIR-1 activation, recapitulated Lair1 -/-observations. Conclusions: The immune inhibitory receptor LAIR-1 limits the loss in body weight and neutrophil-driven airway inflammation. Following our recent observations in humans 1 , we conclude that LAIR-1 is a promising target for pharmacological intervention in such pathologies. 
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Characterization of the endotoxin induced cachexia preclinical model Introduction: Cancer cachexia is a complex metabolic syndrome associated with loss of muscle with or without loss of fat mass. Anorexia, inflammation, and increased muscle protein breakdown are frequently associated with cachexia. Method: Endotoxin mediated sepsis has been suggested to recreate in an acute way most of the features of cancer cachexia. We decided to test this model in order to establish the best formulation and dose of bacterial lipopolysaccharides (LPS) adequate to obtain reproducible cachexia phenotypes in preclinical models. Results: Our data suggest that dilution of LPS in water followed by resuspension in saline solution containing bovine serum albumin produced the most reproducible cachexia based on cytokines induction, food intake, body weight, and skeletal muscle loss. Furthermore, at 250mpk, LPS was able to produce a reduction in lean mass which persisted 72 h post LPS administration. Interestingly, reduction of food intake caused by LPS treatment was not responsible for the loss of lean mass as demonstrated in pair-feeding experiments. Correlation analysis between plasma cytokines 3 h post LPS dose and cachexia features demonstrated strong associations with doses of LPS administered and the extent of body weight and muscle mass loss. Finally, we report that several cytokines, including TNF, IL-6, KC/GRO, and GDF15, were acutely induced by LPS treatment and quantitatively correlated with the severity of weight loss.
Conclusions:
Endotoxins induced cachexia is a potent and reproducible preclinical model capturing many aspects of cancer cachexia such as anorexia, loss of body weight, and lean mass as well as inflammation.
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Impact of ERK silencing on muscle cell culture proliferation Control: normal C2C12 cells, n = 3; siRNA-ERK: ERK gene silencing C2C12 cells, n = 3; Δ/time: proliferation index in relation to time; data are expressed in absorbance units; mean ± standard deviation, P > 0.05.
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The expression landscape of cachectic factors across different tumour types predicts cancer outcomes Introduction: Cancer cachexia is a multifactorial syndrome characterized by muscle wasting, leading to a significant weight loss that impacts patient morbidity and survival. Cachexia is highly associated with specific tumour types, such as pancreatic, esophageal, gastric, lung and liver, and the causes of variation in cachexia prevalence and severity are still unknown. While distinct circulating mediators (soluble cachectic factors) derived from tumour cells have been implicated with the pathogenesis of the syndrome, these associations were generally based on plasma concentration rather than tumour tissue-specific gene expression levels. The access to The Cancer Genome Atlas (TCGA) database has allowed the identification of gene expression profiles that correlate with survival following cancer prognosis in different tumour types. Thus, we hypothesized that tumour gene expression profiling of cachectic factors could reveal potential cancer-specific biomarkers of clinical outcome. Methods: Here, we systematically investigated the tumour expression landscape of cachectic factors as potential predictive markers of overall survival in 12 tumour types from TCGA. We also compared the expression profile of cachectic factors between tumour and normal tissues (4651 and 2737, respectively) using uniformly processed RNA sequencing data from Genotype-Tissue Expression (GTEx) and TCGA databases.
Results: Interestingly, cachectic factors presented a tumourspecific expression profile. Furthermore, a distinct gene signature according to tumour type was significantly associated with poor prognosis. The number of up-regulated cachectic factor genes in tumour compared to normal tissues was strongly correlated with the prevalence of cachexia and weight loss (average percentage) across tumour types; and this finding could be useful to explain why specific cancer types are more likely to develop cachexia.
Conclusions: Our results demonstrate that the expression profile of cachectic factors predicts cancer outcomes. A tumour-specific gene expression profile of cachectic factors has potential to contribute to early diagnosis, prognosis and treatment of cancer cachexia. Acknowledgements: The results shown here are in whole based upon data generated by the TCGA Research Network: http://cancergenome.nih.gov/, and by the GTEx Portal (https://gtexportal.org/). The following grants helped support the development of this work: São Paulo Research Foundation -FAPESP (grants 12/13961-6 and 13/50343-1).
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Targeting interleukin-1α Cachexia is defined as ongoing loss of skeletal muscle mass, with or without depletion of adipose tissue. It is a common syndrome in cancer patients and affects 50% of those who are diagnosed. Cachexia, which cannot be fully reversed and causes significant functional impairment is caused by various mechanisms such as an altered energy balance and disruption of homeostatic control by the CNS. The systemic inflammatory response (SIR) is central to cachexia development and recent guidelines from ESPEN have advocated using markers of the SIR in cachexia assessment. A multitude of pro-inflammatory cytokines are involved in the SIR in cachexia. Of these, IL-1α has been identified as a key cytokine, and its role as a therapy has been explored. This review will explore the role of IL-1α in the genesis and maintenance of cachexia, and its potential as a therapeutic target. A summary of clinical trials which have examined antibodies to IL-1α will also be presented. 
Introduction:
The ONCOSARCO Project is attempting to (i) find out which variable (frailty or sarcopenia) is the better predictor of chemotherapy toxicity in the elderly cancer patient, and (ii) identify new predictive parameters of toxicity by using variables related to muscle mass, muscle strength, and physical function. Material and Methods: Before the start of chemotherapy treatment, their muscle mass (skeletal muscle mass index), muscle strength (handgrip, spherical grip and pinch gauge, knee extension strength, and hip flexion), and physical function (gait speed and five sit-to-chair test) were all registered in older patients (≥70 years) with cancer. The criteria used were those of the European Working Group on Sarcopenia in Older People (EWGSOP) to define sarcopenia and the phenotype of frailty, as described by Linda Fried, to detect frailty. The final event was considered the appearance of severe toxicity; and, as competitive event, the absence of severe toxicity but in patients who had not completed 4 months of chemotherapy, using a multinomial logistical regression analysis. Results: A total of 103 patients have severe toxicity in 58.3%. In the multinomial logistical regression analysis, frail patients were at greater risk of developing toxicity than pre-frail patients (RRR: 9.3; 95% CI: 2.1-41.2; P = 0.003) and so male patients were (RRR: 17.2; 95% CI: 1.9-152.4; P = 0.011). Sarcopenia was not a good indicator of toxicity. A predictive model of toxicity was sought using the variables of muscle mass, muscle strength, and physical function. The only variable associated significantly with severe toxicity was knee extension strength (RRR 0.7; 95% CI: 0.5-0.9; P = 0.031). Conclusions: In the field of Geriatric Oncology frail patients, but not sarcopenic patients, are at 9.3 times more risk of developing toxicity than pre-frail patients. Knee extension strength is associated in a significant way with chemotherapy toxicity. Future studies should be able to confirm its role as a predictor of toxicity in the elderly cancer patient. In the attempt to characterize the miRNA pattern in a cancer cachexia setting, we isolated total RNA from gastrocnemius muscle and plasma-derived microvesicles of both healthy and cachectic mice bearing the transplantable C26 colon carcinoma. As for plasma, samples of two mice were pooled and consecutive centrifugations were applied for microvesicle isolation. Next-generation sequencing (Illumina) was used to sequence whole miRNA transcriptome. A total of 304 miRNAs in skeletal muscle and 118 in plasma-derived microvesicles were detected. About 30 miRNAs were differentially regulated in the skeletal muscle of tumour-bearing mice, including the muscle-specific miR-133a. By contrast, miRNAs contained in plasma-derived microvesicles appear poorly modulated in the C26 hosts. These results present new insight in the modulation of muscle and circulating miRNA expression during cancer cachexia. Introduction: Cancer cachexia is a devastating syndrome characterized by severe skeletal muscle wasting (i.e. atrophy) that leads to muscle weakness (i.e. reduced force production). Several therapeutic strategies have been developed to counteract the deleterious consequences of cachexia. A reliable evaluation of muscle force is therefore required to carefully assess their effectiveness. So far, preclinical studies typically used either invasive (e.g. attachment of distal tendon to a transducer) or non-specific (e.g. grip strength) approaches to record force production. Here, we describe a non-invasive experimental device allowing reproducible and longitudinal force measurements in plantar flexor mouse muscles. Methods: The strictly non-invasive experimental set-up (NIMPHEA_Research, AII Biomedical SAS, Grenoble, France) incorporates four distinct components allowing force measurements, non-invasive muscle stimulation, prolonged anaesthesia, and animal thermoregulation. Plantar flexor muscles force measurements were achieved with the foot positioned on a pedal of the ergometer. Electrical stimuli were delivered through two surface electrodes located below the knee and the Achille's tendon. Maximal force production (F max ) was recorded in response to a 100 Hz tetanic train. F max was first recorded twice over a 2-day period in control mice to investigate the reproducibility of measurements. Balb/C mice were then used and inoculated subcutaneously in the back with either 5 × 10 5 C26 cells or PBS. F max was recorded before and from 7 to 14 days after injection. Plantar flexor muscles were harvested and weighed at Day 14.
Results: We found a high reproducibility of F max measurements (CV = 5%). F max gradually decreased in C26 mice and reached 62% of baseline values at Day 14, illustrating the occurrence of severe muscle weakness. Changes in F max were positively correlated with plantar flexor muscles mass.
Conclusions: This non-invasive experimental set-up represents a major advance for monitoring the progression of muscle weakness but also for assessing the efficacy of therapeutic interventions in mouse models of cancer.
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Exercise capacity in patients with advanced cancer: the role of cardiovascular function Center from October 2017 until September 2018. All participants underwent 24-h ECG to assess heart rate variability (HRV) using the standard deviation of the normal to normal interval (SDNN) value. Quality of life (QoL) was evaluated using the EQ-5D questionnaire. Exercise capacity was assessed using the 6-min walk test (6-MWT) in 81 patients. Cachexia was defined as weight loss exceeding 5% of body weight over a period less than 12 months or a loss exceeding 2% of body weight when baseline BMI was 20 kg/m 2 or less.
Over the past decade, protein ubiquitination has emerged as an important post-translational modification with regulatory functions in all important cellular processes. Deubiquitinating enzymes (DUBs) including ubiquitin specific proteases (USPs) are cysteine proteases that catalyse the de-ubiquitination of protein substrates, hence regulating their levels and/or function.
As a result of their increasing implications in the aetiology of numerous pathological conditions including neurodegeneration, metabolic disorders, and cancer, DUBs represent an attractive and promising target class for the development of innovative medicines with high therapeutic impact. However, despite 15 years of intense research, DUBs have proved largely refractory to drug discovery efforts.
USP19 has recently emerged as a potentially important target in muscular atrophy and various other disorders involving aberrant protein quality control. Herein, we describe the application of our Ubi-Plex ™ drug discovery platform to the identification and optimization of DUB inhibitors. In particular, we will highlight the versatility and robustness of Ubi-Plex ™ by describing the outcome of our focussed library screening, hit identification, and optimization activities on USP19.
A series of novel and highly potent (e.g. IC 50 < 5.0 nM) and reversible USP19 inhibitors have been identified. Further profiling has demonstrated excellent selectivity against a large panel of DUBs and other non-related enzymes (e.g. kinases and proteases). These inhibitors are cell-permeable and exhibit potent target engagement in muscle cells with EC 50 values <30 nM. Finally, we will describe the development of lead molecules with drug-like properties which have allowed us to establish proof-of-concept efficacy studies in a denervation model of muscle wasting in vivo. In summary, this work further exemplifies the tractability of the DUB target family and reports the discovery and detailed profiling of first-in-class inhibitors of USP19. These molecules support the rationale to target USP19 for muscle wasting disorders.
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The FORCE trial: focus on reducing dose-limiting toxicities in colon cancer with resistance exercise: baseline functional status Background: Low muscle mass has been associated with increased chemotherapy toxicities and worse colon cancerspecific and overall mortality. Maintaining dose intensity, with less dose delays and dose reductions, can improve survival outcomes in colon cancer patients. Our primary goal of this 'trial in progress' is to determine if strength training during adjuvant chemotherapy will increase average relative dose intensity of individual drugs and combined chemotherapy regimens. Study Design: FORCE will randomize 180 newly diagnosed Stage II and III colon cancer patients receiving chemotherapy with a fluoropyrimidine [5-fluorouracil (5-FU) or capecitabine (CAP)] +/À oxaliplatin (OX) from Kaiser Permanente of Northern California (KPNC), the Penn State Cancer Institute (PSCI), and the Dana Farber Cancer Institute (DFCI) to either strength/resistance training (RT) or waitlist control. Patients will receive four to six in-person training sessions over the course of chemotherapy and will complete two training sessions per week at home until the completion of chemotherapy. Data on body composition, dietary intake, quality of life, fatigue, and functional status will be collected at both baseline and post-intervention. We will examine between group differences for RT vs. waitlist control for relative dose intensity. We will also study changes in muscle mass (MM) and changes in specific inflammatory markers (e.g. CRP, IL-6, and TNF-RII) as potential markers of change in response to RT. Trial Results to Date: We randomized 31 (18%) out of the 174 patients who met initial eligibility criteria. In looking at the first 31 patients recruited, we report 61.3% are male, 90.3% are Stage III, and 54.9% are receiving FOLFOX. Mean (SD) age and BMI is 57.2 (15.1) years and 26.9 (6.2) kg/m 2 , respectively. At baseline, the median (interquartile range) gait speed is 1.0 (0.91-1.29) m/s; the repeated chair stand (five times) is 12.2 (9.7-14.0) s; and the dominant hand grip strength for females is 28.5 (26.5-32.8) kg, and for males is 42.0 (35.0-60.0). On the short physical performance battery, 25% of the patients scored <10, indicating one or more mobility limitations. We will further report on baseline body composition from DXA and from CT, and the relationship of body composition measures to functional status measures. Conclusions: Newly diagnosed non-metastatic colon cancer patients undergoing chemotherapy who volunteer to participate have adequate functional status to engage in a strength training intervention.
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Impact of protein intake and high-fat diet on muscle protein synthesis and lipid infiltration in relation to aging in rats Introduction: Ectopic lipid deposition impairs muscle anabolic response especially during aging. We hypothesized that the anabolic efficiency of dietary protein in skeletal muscle might be affected by high-fat diet. The objective of the study was to investigate muscle protein synthesis in response to two levels of protein intake combined to two levels of fat intake. Methods: Two groups of 60 adult and 49 old male Wistar rats were randomly divided into four groups: isocaloric standard diet (12% protein, 14% lipid, as STD12); isocaloric standard (high-protein) diet (25% protein, 14% lipid, STD25); hypercaloric high-fat (normal-protein) diet (12% protein, 45% lipid, HFD12); and hypercaloric high-fat (high-protein) diet (25% protein, 45% lipid, HFD25). The nutritional intervention lasted 10 weeks. The fractional synthesis (FSR) and absolute synthesis rates (ASR) of mixed muscle proteins were calculated using isotopically labelled 13 C-Valine incorporation in tibialis anterior (TA). Muscle lipid content was assessed using chromatography method. Results: Rats in the high-fat diet groups self-limited their food intake, so that energy intake was not different among the groups. Regardless of dietary intervention, TA weight was lower in old groups compared to their adult counterparts (all P < 0.01). FSR was lower in old rats fed the HFD25 compared to the old STD12 group (diet effect: P = 0.02), whereas FSR in old groups was higher than adult groups (age effect, all P < 0.05). No differences emerged in ASR between groups. Only old rats in the HFD12 group exhibited increased intramuscular triacylglycerols (age effect: P = 0.02; diet effect: HFD12 vs. STD 12: 2.04 ± 1.74 vs. 0.83 ± 0.49 μg/g, P = 0.02). Conclusions: Aging is characterized by reduced muscle weight despite increased FSR, suggesting specific alterations in the nutritional regulation of muscle protein turnover. In isocaloric conditions, higher protein intake modulates muscle lipid infiltration, without improving age-related anabolic resistance in old rats fed a high-fat diet.
6-14
Prognostic impact of nutritional supplementation for pancreatic cancer patients with cachexia at the time of cancer diagnosis Seiko Miura, Nobuhiko Ueda, Takeo Kosaka Department of General and Digestive Surgery, Kanazawa Medical University, Uchinada, Japan Introduction: Pancreatic cancer patients are often found to have cachexia. We speculate that nutritional status may impact therapeutic response and clinical outcome. Objective: The study aims to examine the relationship between the invasiveness of cancer treatment and presence of cachexia and to investigate the efficacy of nutritional supplementation in improving the long-term prognosis. Methods: Restrospectively cases were divided into four groups based on the presence of cachexia and whether they received nutritional supplementation. Nutritional supplementation includes supplements introduced via IV, feeding tubes, as well as fortified blood products, and in-person instruction from certified nutritionists; 105 pancreatic cancer cases receive the following treatments: 20 pancreaticoduodenectomy (PD), 24 distal pancreatectomy (DP), 44 radiation therapy with S-1(CRT), 87 chemotherapy, and 9 palliative care.
